When the organizers of this conference did me the honour to suggest th at I should give this lecture on some general aspect of the theme th at is engaging our delibera tions, I was somewhat a t a loss to know what plan to adopt. Like most of those present I have, in one way and another and at various times, been engaged in the communication of scientific information, but th at does not necessarily make it an easy subject to discuss. Not to weary you with my doubts and inward debates, I finally decided to attem pt a brief historical survey of the subject, for to see how one's difficulties arose is sometimes a step towards their solution. In any case I hope th at the considerations th at I shall lay before you may prove a mild and gentle, if not soporific, interlude in the strenuous deliberations upon which you are engaged.
Turning to the Middle Ages and the revival of learning, we have the same methods for the communication of scientific ideas, the manuscript and the spoken word, with the same very great importance attached to the spoken word, partly on account of the cost of books and partly on account of the enthusiasm which brought students from all over Europe to centres of learning. In the fifteenth century there were some sixty universities in Europe; even when it is admitted th at some of them were of very minor importance the number is impressive. The travels undertaken by learned men, no m atter what their particular interests, and the international character of learning in what are called 'the Dark Ages', were extraordinary. Relations among men of science of all countries were, of course, much facilitated by the existence of what we no longer have, an international language of learning. Latin was the medium of expression in university and medical school, practically all books were written in Latin, and it must be remembered th at it was not until round about 1700 th at the man of science regularly expressed himself in his native language. Newton's Principia (1687) was written in Latin, his English, and while, of course, I know th at many scientific books were written in English, Frenchand Italian before 1700, and many in Latin after 1700, yet it is a convenient approximate date to take for the transition.
And here, perhaps, I may interpolate a word as to the language most used in science to-day. In 1934 Sir Charles Sherrington made an examination of the World List of Scientific Periodicals and counted the number of scientific periodicals published in five great languages. The result was: Russian Italian German French English 1,833 scientific periodicals 1,667 " " 6,186 5,013 13, 494 ,, ,,
The total number for the other four languages does not much exceed the number for English. I t is quite clear, then, that if there is an international language in science to-day it is English. I take pleasure in quoting the last sentence of Sherrington's letter,* which runs as follows: 'The results cited above make evident the special responsibility resting on those contributors to science whose language is English to spare no pains to write it worthily of the great role entrusted to it as a medium of scientific thought to-day.' Let me return to the Middle Ages and consider a few examples of the international character of learning. Saint Thomas Aquinas was bom near Naples round about 1225 and, after a preliminary education a t Monte Cassino and Naples, later studied in Paris for three years and then went to Cologne. He returned to Paris to teach there, and later taught at Rome, Paris again and Naples. He died on his way to Lyons. You will say that he was not a scientist, but he took an interest in the science of his times and was a very great scholar. Perhaps you prefer to consider Roger Bacon, who was bom in Somerset and studied at Oxford (though not at Brasenose, * Nature, 134, 024 (1934).
as tradition asserts, for it was not founded until after his death). He tau g h t for years a t Paris, which was the centre of the intellectual life of the Middle Ages. Perhaps a later name, a forerunner of modem science, will appeal more, Vesalius, a Fleming, who studied a t Louvain, Montpellier and Paris, and then went to Italy. There in 1537, a t the age of twenty-two, he was appointed professor a t Padua, where he spent seven years. Later he went to Basle, where he lectured while his great book,
De Humani Corporis Fabrica, was passing through the press After th a t he went to Spain, Cyprus, Jerusalem, and died on his way to Padua, whither he had been summoned to succeed Fallopius. Later, our John Dee, who was bom in 1527 and wrote a very remarkable preface to the first English translation of Euclid, as well as valuable books on navigation, travelled as a young man in the Low Countries, forming friendships with m any mathematicians of fame, studied a t Louvain, a great centre of learning where van Helmont was later, and went to Paris, where he lectured to audiences so large th a t the hall would not hold them, with the result th a t m any of the students clambered up outside the windows, so th a t they could see him even if they could not hear him. He corresponded with men in the Universities of Orleans, Cologne, Heidelberg, Strasbourg, Verona, Padua, Ferrara, Bologna, Urbino and Rome. His subsequent travels took him to Antwerp and the Low Countries again, Bremen, Lubeck, Cracow, Prague and Central Europe in general. Cardan, the celebrated Italian doctor and mathematician, travelled over the whole of Italy and in Germany, Switzerland, the Tyrol, France, England, Scotland and the Low Countries. Certainly personal contacts and private correspondence were among the main means of communicating knowledge in those times.
B ut I m ust not weary you, who are filled with the glory of the present and the faith of the future, with further stories of the remote past. The coming of printing lent a much increased importance to the w ritten word as a means of communication. I t made the words of the Arabian and classical writers on science widely accessibleand it m ust be remembered th a t medieval medicine was dominated by the Arabs. The first Euclid was printed in 1482 a t Venice; the works of Pliny, Hippocrates, Galen, Aristotle, Celsus and Dioscorides were printed frequently in the period between 1469 and the end of the century.
The first great scientific revelations made in print were in the of Copernicus in 1543, and in Vesalius's De Humani Corporis appeared in the same year; the seventeenth century opened w ith Gilbert's De Magnete; H arvey's De Motu Cordis appeared in 1627; K epler's Astronomia Nova and Harmonices M undi in 1609 and 1619; Galileo's Dialogo in 1632. By 1660, the year when the Royal Society was founded, the printed book was thoroughly established as a means of communication, although the private letter was still favoured-see, for instance, the Commercium Epistolicum printed a t Oxford in 1658 in which letters on mathematics exchanged between Brouncker, Kenelm Digby, Ferm at, Frenicle, Wallis and Schooten are printed. As examples of earlier writers of letters th a t conveyed and discussed the scientific news of the day may be mentioned Descartes and Mersenne-the latter using 'barbarous Latin and pitiful F rench', according to Duhem.
The foundation of the Royal Society marks the beginning of a new stage in scientific communication, the scientific periodical, as well as the inception of the modem scientific society. Actually the Accademia del Cimento was founded earlier, in 1657, and published in 1666 an account of its experiments in a book which exercised a great influence in its time, the Saggi di Naturali which, appearing in Italian, the vernacular (an unusual thing), was translated into Latin and English, possibly into other languages. The Accademia lived, however, for only ten years. The Accademia dei Lincei, which lasted from 1600 to 1630, was even earlier, and had tho support of Galileo. But of the scientific societies which have endured the Royal Society was the first, and its Transactions, which have now been a channel of scientific communication for 283 years, were first published in 1665. In the beginning these Transactions were published, not by the Society, but by the Secretary on his own account, and contained descriptions not only of what was communicated to the Society by Fellows, but also of work done abroad-thus in the very first number there is ' An Accompt of the Improvement of Optick Glasses a t Rome ', ' A Catalogue of the Philosophical Books publisht by Monsieur de Fermat a t Tholouse, lately dead', and so on. The Transactions had, in fact, something of an international character, for foreigners sometimes carried on scientific controversy in its pages. When the Transactions temporarily ceased publication in 1676 Robert Hooke personally undertook the publication called Philosophical Collections, which went on until 1682. These Collections contain, besides communications from Fellows, accounts of matters of scientific interest abstracted from foreign journals or books, such as the description of Lana's flying chariot taken from his Prodromo, with a criticism by Hooke, and the review of Borelli's De Motu
In 1683 the Transactions appeared once again, and since th at time have continued without interruption. The scientific journal was thus established.
Actually the first number of the Journal des Sqavans, a privately published periodical, appeared a few months before the first number of the Transactions. The Journal published accounts of scientific discussions; reviews of books, classical, literary and theological as well as scientific; and notices of men of science newly dead, such as the notice of Fermat which appeared in an early number. The Journal was, perhaps, more closely akin to Nature than to the Transactions. I t must have been popular, for it appeared in two formats, as a folio* at Paris and as a 12mo in Amsterdam. I t is amusing to note, as showing how little reliance can be placed on some learned authorities, th at Martha Ornsteinf quotes Zedler's 'fluchtigbliitige Franzosen haben Ekel vor Folianten ' ('volatile Frenchmen dislike folios ') to explain why the Journal des Sgavans was so small and the Acta Eruditorum ('huge folios' according to her, but in fact ordinary quartos) so large. Actually the standard edition of the Journal is slightly larger than the Acta.
The Acta Eruditorum first came out in 1682 and was published in Latin at Leipzig, with the support of the Elector of Saxony. A large part of it is taken up with book reviews, not only of scientific, but also of theological, philosophical, legal and other books. I t also contains, however, original contributions by outstanding men of science. The volume for 1688, for instance, includes a 7-page review of Stillingfleet's The Antiquities of the British a 6 Disquisition about Final Causes and a 12-page review of Newton's , and Latin translations of papers th a t had appeared in our Philosophical Transactions, as well as original papers by Papin, and Jacob Bernoulli. The Acta thus gave a general account of w hat was going on in the world of learning. Another German scientific journal which appeared about this time was the Miscellanea naturae curiosorum, while the famous Thomas Bartholinus brought out in Copenhagen the Acta medica et philosophica hafniensia, which lasted from 1673 t de la republique des lettres appeared in 1684, in Holland, and gave accounts of affairs in the scientific world. I t did not last for long, b u t had im itators. Thus by the end of the seventeenth century scientific journals, both those designed for the publication of original work and those of a more popular nature, had made their appearance and established their places as organs of communication between men of science.
Perhaps I m ay here refer to a curious undertaking of which I can find no mention except a mere citation in certain catalogues, the Weekly Memorials for the Ingenious.
These '
Memorials' were weekly collections of reviews of current books, mostly o scientific interest 'with some other curious Novelties relating to Arts and Sciences'. Fifty parts appeared for the year 1682, and were afterwards bound in one volume.* In the preface the author (-Beaumont, according to the only authority!* th a t mentions him) refers to Oldenburg and his Philosophical Transactions and to Hooke and his Philosophical Collections and says of the Royal Society: 'I f the R.S. shall think my endeavours in this kind any way subservient to their designes, it m ay animate my industry to perform things in the best manner I may, none being more devotedly their Servant th an my self.' Among the authors of whose books account is given are Caspar Bartholinus, Borelli, Jacob Bernoulli, Boyle, Ferm at, Malpighi and Papin. Many of the reviews are taken from the Journal des , a few from the Acta Eruditorum. Such a weekly review of scientific books has no counterpart, I believe, to-day.
Before leaving the period I should, perhaps, mention the works of an encyclo paedic character th a t became popular in the sixteenth and seventeenth centuries, and did much to spread knowledge. Conrad Gesner, of Zurich, was a naturalist who brought out a great Historia Anim alium in four volumes (1561-58), from which our Topsel compiled his Histories of Foure-Footed Beastes (160 out a great book on birds, Moufet on insects. Everyone knows of Gerarde's Herball (1597), founded on the earlier work of Dodoens, and typical of a number of herbals which have been fully described by Agnes Arber.J All these books were beautifully illustrated. Reference may also be made to the appearance of German works which gave a general account of all th a t was known in wide fields of physical science a t the time, including the most recent advances-forerunners, in a way, of the modern German * Handbuch '. Such works were Schwenter's (1651) in three parts of some 600 pages each; Gaspar Schott's Magia Universalis (1658) in four volumes, and his Mechanica (1657), in which the first account of Guericke's pump was given;* and Sturm's Collegium mentalle (1676). All these works were intended for a wide circle of readers, and if, in general, they contained little 'in the way of first statement of original discoveries, did much to spread scientific knowledge.
At the opening of the eighteenth century we find a publication answering a new need. Miscellanea Curiosa in three volumes (1705-1707) contained a selection of the most important papers which 'being register'd in the Voluminous Journals of the Royal Society are amongst a multitude of less useful Matters, so Obscurely hid, th at but very few inquisitive Gentlemen ever so much as heard of them '. The names of Halley, Newton, Clopton Havers, John Wallis and de Moivre occur freely as authors, Halley being particularly well represented. The papers are not abridged, for, as the preface says, they are in many cases already abridgments themselves. W hat we have here, then, is in some way a forerunner of the 'Progress Reports', which are an essential feature of our modem machinery of information. We also find, in 1704, the issue of the first technical dictionary in any language, the Lexicon Technicum of John Harris, of which a second volume appeared in 1710, notable for containing the first appearance of Isaac Newton's note De Natura to the importance of which Academician Sergei Vavilov recently directed attention.! The Lexicon Technicum, which was in English, contained articles on, for instance, Newcomen's newly invented steam-engine, and on the microscope, illustrated with a plate of John Marshall's 'new invented double microscope ', and went into several editions (5th ed. 1736). We can scarcely mention encyclopaedias as a medium for the communication of scientific knowledge without passing reference to the great French Encyclopedic of Diderot, which was originally to have been a French trans lation of Ephraim Chambers's Cyclopaedia, but developed into a very much larger work, a vast encyclopaedia of science and, in particular, applied science and manu facture. D'Alembert was responsible for the mathematical articles, and Voltaire was among the contributors. The first volume appeared in 1751, the last volume of the letterpress in 1765 and the final volume of the plates in 1772. I t caused much political controversy: why, it is hard to understand nowadays.
The first half of the eighteenth century saw the foundation of the Academy of Sciences of St Petersburg in 1725, now the Academy of Sciences of the U.S.S.R. Ju st after the end of the war the 220th anniversary of its foundation was made the occasion of a magnificent celebration, which some of us had the good fortune to attend. The first volume of its Memoires appeared in 1728. Not long after this the Proceedings of the Royal Swedish Academy began (1739), to be followed in a few years by the Proceedings of the Royal Danish, Academy (1745). At th at time, of course, Germany was a body of independent States of which Hanover was the first to produce a scientific journal in the V e r h a n d l u d e r Koniglichen A Wissenschaften zu Gottingen in 1752. As the University there was founded by our George II in 1734-his bust dominates the Aula-we may take a particular interest in this publication. I mention the appearance of these four journals to remind you that, although the first half of the eighteenth century was not remarkable for great scientific discoveries, yet it saw a great activity in the production of media for their publication. The end of the century saw a fresh great development of the channels of scientific information in the periodical limited to a particular branch, or to certain closely allied branches, of science. In 1771 came forth the Transactions of the American Philosophical S o c i e t y , with which event Benjamin Franklin was prominently associated. This publication has continued without a break to the present day. The Annates de Chimie et de Physique first appeared in 1789 and was followed by the Annalen der Physik und der Chemie (which developed out of the Journal der , started in 1790), both of which exist to this day, except th at the chemical part of the title has disappeared. Our own Philosophical Magazine first came out in 1798. Thus by the end of the century England, France and Germany all possessed journals for the publication of original work in physics, which have continued to the present day.
Another event of importance was the establishment of the provincial scientific society. I do not pretend to have entered upon a careful investigation as to which was the first, for it would be a long and argumentative undertaking. In any case, typical of what I mean is the Manchester Literary and Philosophical Society, whose Memoirs came forth in 1789. John Dalton joined the Society in 1794, and became President in 1817, an office which he continued to hold until his death in 1844. Many of his papers, on a variety of subjects, appeared in the Memoirs of the Society. In the early years of the present century Rutherford and his collaborators contri buted papers and the Society still maintains its high reputation. The Manchester Literary and Philosophical Society is an outstanding example, but in general the local scientific societies fulfilled an important function in the spreading of scientific information, especially in the field of natural history. In those times the country parson was often a well-trained naturalist, sometimes an astronomer, and he did much to foster, through the local society, a taste for science and, occasionally active scientific work. To-day, in general, he has neither the training, the background nor the leisure necessary for such work, and, whether due to this or to other causes, the local societies and clubs seem, unfortunately, to be diminishing in number and activity, although some preserve their status.
The early years of the nineteenth century saw the first appearance of scientific journals in the modern sense in certain countries justly celebrated for the brilliance W ith the nineteenth century the specialized journal, devoted to one branch, often a very limited branch, of sciende, began its great development, which, I suppose, is the main cause of this conference. To take a few examples, Crelles Journal, where so many great mathem atical papers are to be found, first appeared in 1826 and Dinglers Polytechnisches Journal in 1820. The flood of specialized chemical journals was heralded by Liebig's Annalen der Pharmazie (1832), which in 1840 became the Annalen der Chemie und Pharmazie. The chemical encyclopaedias, which culminated in the great Beilstein, which surely m ust come in for discussion a t the conference, began, as far as I know, w ith the Handworterbuch der Reinen und Angewandten Chemie, which likewise owes its inception to Liebig. I t would have been extremely laborious for me to amass, and tedious for you to hear, detailed statistics about the journals of the nineteenth century, but, taking as an example those dealing with physics in all its branches-those from which the d ata in the physical talbles of Landolt-Bornstein are compiled-in the period 1810 to 1910 about eighty new j oumals appeared, roughly a t the rate of eight new journals every ten years. This is only one branch of science, and only up to 1910. You will, no doubt, hear just w hat the position is nowadays from those more familiar w ith the situation th an I am.
The foundation of the Versammlungen Deutscher Naturforscher und Arzte in 1822 represents a new channel of scientific communication, both by personal contacts and publication-especially the former-which quickly found im itators. I t organized annual meetings of men of science in different German towns for the purpose of discussing the latest advances and also of arousing interest in science in the locality. Our British Association followed in 1831, and other countries have similar institutions, such as the Association de la Science. W ith the enormous growth of science in the nineteenth century a new portent appeared, the abstracting journal. The Royal Society was early in the field, for the Proceedings, which appeared in 1832, were in the first case merely a collection of abstracts. I t was not until the seventh volume, of 1856, th a t short original papers began to appear. The abstracts were not of papers in general, or even of all English papers, but only of those th a t had appeared in the Transactions of the Society. Chemical abstracts first appeared in Germany as the Pharmaceutisches Central-Blatt in 1830 and in England in the publications of the Chemical Society in 1841, although they were not published separately until 1878. The Beibldtter to the Annalen der Physik began in 1877 the publication of abstracts of all physical papers except those printed in the Annalen itself. About the same time appeared the botanical abstracts Botanischer J d h r e s b e r i c h t (1874) and "the zoological Zoologischer bericht (1880). By the end of the century many other series of abstracts had appeared, including our Science Abstracts, and you know, or will soon know, what the situation is like to-day.
Brief mention must also be made of special bibliographies, such as The Royal Society Catalogue of Scientific Papers, which covers the whole of the nineteenth century, and, more particularly, of the periodical bibliographies that, especially in the biological sciences, are widely used to-day. Typical are the Zoological Record, which began in 1864, the Index Medicus (1879) and the Index Kewensis (1893).
I cannot leave the nineteenth century without referring to a development in which England led the world, namely, the appearance of the periodical Nature in 1869. The objects were announced to be 'First, to place before the general public the grand results of scientific work and scientific discovery; and to urge the claims of science to a more general recognition in education and in daily life; and, secondly, to aid scientific men themselves, by giving early information of all advances made in any branch of natural knowledge throughout the world, and by affording them an opportunity of discussing the various scientific questions which may arise from time to time '. I t would be superfluous here to describe the great part which Nature has played and now plays in the communication of scientific information. I t is, for many purposes, an international organ which is unique. Where the vexed question of preserving priority arises, a letter to Nature is everywhere the solution. In the seventeenth century it was the custom to publish, in the interest of priority, an anagram in which the letters of a significant sentence were arranged in alphabetical order. The best-known example is probably Hooke's ceiiinosssttuv which, properly arranged, makes ut tensio sic vis, Hooke's law. The anagram was, of course, unintelligible until the author was challenged by event and construed its rheaning. Some writers of letters to Nature have a strong historical sense.
I t would not.be right to omit the book as a channel of original scientific informa tion and a valuable aid and incitement to original research. I have already referred to important early books, such as Copernicus's De Revolutionibus and Gilbert's De Magnete. These books were widely read-Copernicus, for instance, was printed four times within the hundred years th at started with its first appearance, and Gilbert four times within forty years. The influence of Newton's Principia, of which three editions appeared in forty years, and of his Opticks, of which four editions appeared within thirty years, it would be hard to overrate. I have already noted th at in the seventeen years which elapsed between the books Newton had abandoned Latin for first publication and passed to the vernacular, although the Opticks was speedily translated into Latin for the benefit of the Continent. He was not, of course, by any means the first to publish in English: Robert Boyle's books all appeared first in English and then in Latin, and there are important Elizabethan scientific books in English. Huygens published his early books, such as the Horologium Oscillatorivpn (1673), in Latin, but the Traite de la Lumiere appeared in 1690 in French. Thus the turn of the seventeenth century heralded the passing of Latin as a universal language, although for the next fifty years it is common to find books in th a t tongue, for instance, those of the Bemoullis and the Eulers. W ith the general decline of the classical influence dwindled also the use of the dialogue form, no doubt a memory of Plato. Examples of the use of this form are Fem el's Abditis Rerum Causis and Galileo's Dialogo, in which there debate Salviati, a Copemican; Sagredo, a w itty and educated scholar, desirous to learn; and Simplicio, an Aristotelian who puts forward the stock argum ents of the scholiasts in an absurd way. You know, of course, the tradition th a t Galileo p u t certain argum ents which the Pope had suggested to him into Simplicio's m outh, and th a t th a t was the real cause of the trouble into which Galileo fell. The last great book th a t I can recall in dialogue form is Boyle's Sceptical Chymist. Books th a t have made scientific history will readily occur to everyone. As examples we m ay take Linnaeus's Genera Plantarum, Lagrange's Analytique, Lavoisier's Traite Elementaire de C arn Feu, Liebig's Organische Chemie, and in more m odem times Clerk Maxwell's Electricity and Magnetism, J . J . Thomson's Conduction of Electricity through Gases, R utherford's Radioactivity, Sherrington's Integrative Action of the Nervous System and Rayleigh's Sound. You will have to consider, I am afraid, the book and no doubt you will be urged from some quarters th a t all books ought to be the same size. I t would probably save wood in bookshelves, or steel, and is, I suppose, by no means a m atter to be hastily dismissed by questing minds. Some forwardthinking spirits m ay further suggest th a t they should all be printed by the same one publishing house, which by due coordination, a word to which Professor Rocard has recently devoted a learned treatise, would-should, rath er-lead to great economies, as production would then be properly planned.
There are certain questions of the m odem production of scientific books which are raised by the study of the old books of science. The beauty of the old production we can scarcely hope to im itate now adays: craftsm en like those who, cutting the woodblocks for geometrical diagrams, found the work dull and so filled in th e blank spaces w ith elegant little designs, producing the so-called floriated diagrams, no longer exist. Our m aterials will not allow us to use the device adopted in N ew ton's Opticks and m any books of N ewton's time* to make diagrams visible to the reader w ithout turning back while he reads the several pages th a t contain references to them , namely, to prin t the diagrams on a folding plate w ith a blank space, the size of a page, where it is attached to the book, so th a t when the plate is extended and the book closed the whole engraved p a rt of the sheet is still visible. For one thing, our paper would not stand the repeated folding and unfolding. Descartes solved th e same problem of enabling the reader to have always before him a diagram to which reference is made on several pages, by reprinting it on every relevant page-thus in his Principia one particular diagram is printed eleven times. We have n o t the paper for this extravagance.
The old books raise other questions of illustration. They used, in the best period, the woodcut and the copperplate: illustrations such as those to Senguerd's Philosophia Naturalis are little works of art, worthy to be compared with Della Bella's fine frontispiece to Galileo's Dialogo. Many aspects of the graver's art appear: thus the illustrations to Thomas W right's New Hypothesis of the Universe (1750) are in mezzotint, which beautifully renders' the soft blackness of the night against which the stars shine. To-day we have neither time, money, paper nor craftsmen for illustration on the lines shown in early books, but we have something which our ancestors lacked, photography and the various photographic processes of reproduction. Photography, it must be remembered, is a convention just as much as line drawing: what is produced is a version of the object or phenomenon
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photographed, and in no sense a true, in the sense of a unique, representation. To realize this, one has only to think of the effect of the direction of illumination on what is seen in a microphotograph of a mStal surface, say, or of the differences th at can be produced by colour filters and different types of photographic plate in rendering any subject. The use of the photograph has, of course, transformed observational astronomy and bacteriology, and no book on these subjects can be without photographic illustrations. I t would be out of place to attem pt to trace the manifold uses of the photographic illustration, but it may be permissible to point out th at there are many purposes for which a good drawing is preferable. Photo graphs of instruments and complicated installations of apparatus are seldom successful: it is nearly always inessentials th at are prominent in them and awkward shadows have a way of hiding what is wanted. I venture to give here a reproduction of a good photograph of an experimental set-up (figure 4, plate 1): essential features, as, for instance, the form of the arm just above the vessel a t the bottom of the picture, hardly tell a t all. This should be contrasted with any good line illustration of apparatus, either in old or newer books.* Perhaps I may quote here what Fuchs says in 1542 in the preface to his De historia 'Furthermore we have purposely and deliberately avoided the obliteration of the natural form of the plants by shadows, and other less necessary things, by which the delineators * In my lecture I took as an example of the confused masses frequently shown in photo graphs of apparatus a picture from a published book; this was much worse than the one here reproduced, which is from a photograph taken in my own laboratory. I can, however, hardly ask the publisher to allow me to reproduce it as a warning. sometimes try to win artistic glory: and we have not allowed the craftsmen so to indulge their whims as to cause the drawing not to correspond accurately to the truth.' For the representation of plants in their surroundings, ecology, photo graphy is often excellent: for the representation of structural botany the illustrations of a hundred years or more ago have never been equalled. Photographic repro ductions need special, so-called art, paper, which is unsuitable for ordinary book pages-it is too heavy and does not make a good page. Incidentally, the weight of books is a matter worthy of some discussion-a very distinguished man of science has protested to me about the great weight of some single volumes printed on art paper and quoted a recent American publication which weighs about 4J lb. Certain German books in which sections of art paper are introduced among normal paper and printed as ordinary pages have an unpleasant appearance. The whole question of the illustration of scientific books and periodicals is worthy of consideration, and clearly cannot be without influence on format and make-up.
If the old books and journals can offer us an example in many matters of material production, which we may be kept from following by material dearth, they are no less a pattern in certain matters of literary presentation. I would not suggest, of course, that the form of Newton's Principia is one tha although Thomas Young set out his Bakerian Lecture, in which he developed the wave theory of light, in Propositions and Corollaries, somewhat in the Newtonian method. It would be vain to wish to hear again the sonorous swing of Georgian prose in science, although rebukes such as ' We can only regret th at a person so void of a sense of physical elegance should have an opportunity of obtruding opinions like these on the public ' or 'The reviewer has afforded me, in the next observation, an opportunity for a triumph as gratifying as any triumph can be where the enemy is so contemptible' would add to the interest of scientific Controversy. I could, however, wish th a t the clarity and elegance with which so many of the older writers set out their thoughts and experiments would find more imitators to-day. The great papers of J. J. Thomson and of Rutherford have a straightforward lucidity of phrase. When, as a young man, I had to learn something of the calculus of variations, someone suggested th at I should read Lagrange's original memoir, and I still remember the pleasure that his exposition gave me. Thomas Young, whom I have just quoted, sets a good example, but he was a great classical scholar, bred in the traditions of literary style. Faraday, however, was practically untaught-'My education was of the most ordinary description, consisting of little more than the rudiments of reading, writing and arithmetic a t a common day-school '-and yet his writing of matters sufficiently abstruse shows a beautiful clarity and simplicity. Consider the following passage from his paper in the Philosophical Magazine entitled 'A Speculation touching Electric Conduction and the Nature of M atter':
But it is always safe and philosophic to distinguish, as much as is in our power, fact from theory; the experience of past ages is sufficient to show us the wisdom of such a course; and considering the constant tendency of the mind to reist on an assumption, and, when it answers every present purpose, to forget that it is an assumption, we ought to remember that it, in such cases, becomes a prejudice,' and inevitably interferes, more or less, with a clear-sighted judgment. I cannot doubt but that he who, as a Wise philosopher, has most power of pene trating the secrets of nature and guessing by hypothesis at her mode of working, will also be most careful, for his own safe progress and that of others, to distinguish that knowledge which consists of assumption, by which I mean theory And hypothesis, from that which is the knowledge of facts and laws; never raising the former to the dignity or authority of the latter, nor confusing the latter more than is inevitable withlthe former.
Light and electricity are the two great searching investigators of the molecular structure of bodies.. . . 1
This deals with a m atter which nowadays is often smothered in a complexity of long words and cumbrous and ambiguous phrases, yet here the sense is clearly and unmistakably expressed, whether some of our modems would agree with it or not.
I cannot help feeling that much of the obscurity th at hangs about many papers to-day is unnecessary, and I am in good company in objecting to it, for Lord Rayleigh records of J. J. Thomson 'Like Lord Kelvin he was in general impatient of obscurity'. I am not thinking of our Newtons: they must go their own way, although we may note th at William Molyneux writing to Hans Sloane in 1697 said: 'I hear Mr. Newton's Phil. Nat. Prin. Math, is out of press, and that he designs a 2nd Edition. Pray advise him to make it a little more plain to Readers not so well versed in Abstruse Mathematicks, a few Marginal Notes and references and Quotations will doe the business.' The gentlemen whom I find tiresome are those who write matter that is unintelligible not on account of its difficulty but on account of the confusion of thought, the lack of sequence and the tangled, sometimes ungrammatical jargon in which it is expressed. Again, there are certain writers of papers on mathematical physics whose productions are difficult to appreciate because the assumptions which have been made are never clearly expressed, b u t introduced casually by,the application of formulae designed for other circumstances. Others have an annoying habit of complicating m atters by introducing a spurious and superficial generality which is thrown away as soon as the real problem which is under treatm ent is approached. I t would save the reader much trouble if every writer of a scientific paper would first state clearly w hat he has done and why it is of in terest: if a mathematician would say exactly w hat he has assumed, w hat method he has applied and w hat results obtained. I have sometimes wondered if certain im portant mathematical papers dealing w ith physical problems would not have a much wider circle of readers-and of readers who would profit-if much of the work were relegated to a kind of mathem atical appendix, the w riter saying th a t from one stage he has passed to the next by the process described in this appendix. I realize th a t I am laying myself open to envenomed attack, b u t the attackers may even learn something in sitting down to explain just how absurd m y suggestion is.
Many who realize how much some of the papers w ritten to-day, especially as first presented, are wanting in clarity and conciseness, to say nothing of elegance, have suggested th a t our young research workers should be made to take courses in English in the English departm ents of our universities. I scarcely think th a t this is the way to go about it. Some of the worst English th a t I have read has been w ritten by D .Litt.s, and I used to cut out the writings of a certain headm aster th a t occasionally appeared in the newspapers to keep them as examples of turgid language. R ather read to the young man an account of a piece of work as w ritten by a master and then let him write his own account and compare it subsequently with the original. Personally I feel th a t a wrong ideal is often the cause of much of the trouble. The young man wants a long paper suspecting, in m any cases rightly, th a t when it comes to applying for a higher post his achievement will be estim ated by the number of pages th a t he has produced. He wants one th a t looks as formidable as possible judging, in m any cases rightly, th a t the senior who looks a t it will think more highly of him if it is full of forbidding phrases and long words, especially if they are new words, such as, let us say, diclastically disintegrated to mean ' cut into two b its '. I f it were conveyed to him th a t simple expression is in itself desirable, th a t every new word needs careful justification, th a t scientific jargon is not in itself scientific advance there would, I think, be an improvement. Personally, when a young man brings me a mass of verbiage I ask him, gently, w hat exactly he means, and when, as usually happens, after much questioning he has reached a perfectly simple form of words I say 'Then why not say so? ' I think th a t it is as simple as th a t. B ut, to use the language of to-day, I am sticking out my neck. Perhaps I may save myself some blows in this vulnerable region if I insist th a t I realize th a t everybody cannot write great and memorable prose like th a t of Charles Sherrington -bu t then he is a fine poet and for fine poets words have a ring, a friendly aptness like th a t which his tools have for the m aster craftsman, which they^do not have for the actuary. All th a t I ask is a freedom from unnecessary clumsiness and obscurity. I do not ask th a t scientific papers shall be pleasant to read, only th a t they shall not be repugnant. There is to-day a growing specialization in science which is inevitable. We no longer have men of learning writing for other men of learning, or men of science writing for other men of science, or disciples of exact science writing for other disciples of exact science, or physicists writing for other physicists, or students of optics writing for other students of optics, or spectroscopists writing for other spectroscopists, but rather infra-red spectroscopists writing for other infra-red spectroscopists-and very soon they will have a journal of their own. You, gentle men, are dealing with the very complex problems th a t such a situation creates, and I am confident th a t great simplification and great economies will result from your labours, and th at the toil of the specialists in the smaller and smaller regions of greater and greater complexity will be lightened. But the great advances will still be made by solitary spirits who have greatly pondered on more general problems, who have, like Newton, kept the subject constantly before them until the first dawnings open little by little into the full light. Let us take care th at we do not organize things to such a point th at no leisure exists, since, for the pioneers, leisure is even more needed than journals, reference books and resolutions. The intemuclear distances in the crystals of some of the elements at the absolute zero have been calculated, and the values are examined and compared with those in some molecules. * In the first two short periods if the single bond length is denoted D, and the atomic number Z, a direct proportionality exists between D2 and Z for the members of any one group from group IV to group VII. In groups IV to VII this proportionality extends to the corresponding elements of the first long period, so that, for example, the D2 values for carbon, silicon and titanium are proportional to Z. In group III the D2 value for boron and the square of the intemuclear distance in the crystal of aluminium are proportional to Z, but the propor tionality does not extend to scandium, and in groups I and II no proportionality exists between D2 and Z. Simple whole-number relations are found between the squares of the intemuclear distances in the earlier members of group II, and other regularities are pointed out. Evidence is also given for the hypothesis that simple whole number relations exist between the squares of the bond lengths of single, double and triple bonds of a given element.
I n t r o d u c t io n
The modem electron theory has reached the stage at which the interatomic distances in some relatively simple crystals and molecules can be calculated approximately, but in many cases the problem is too difficult for accurate solution. I t is therefore of 
